Groundwater possesses resources function, ecology function and geological environment function. The eco-environmental and geological problems caused by the unreasonable abstraction of groundwater can all be attributed to the degeneration and loss of groundwater function. The evaluation of groundwater function is the foundation of groundwater management. Groundwater system is dissipative structure system. On the basis of order degree and entropy of dissipative structure system, this paper establish a set of new and more adaptive evaluation index system and evaluation model of groundwater function, which are applied in the evaluation of groundwater function in Tianjin. The results indicate that the region with moderately strong groundwater comprehensive function mainly locates in Ji County. While groundwater comprehensive function in Baodi District and Wuqing District is moderate, and other regions are moderately weak or 84 weak. These findings may help decision-makers for devising sustainable groundwater management strategies in Tianjin.
Introduction
Groundwater is the main water source of production, living and ecological water, which bears vital resources, ecology and geological environment function. Groundwater plays an important role in economic and social development, health of ecosystem and stability of geological environment. However, climatic change and human activities exert a significant impact on groundwater system and destroy the evolution law of groundwater circulation, leading to the significant change of the amount and quality of groundwater, spatial and temporal distribution characteristics of groundwater. Meanwhile, a series of eco-environmental and geological problems like aquifer depletion, cone of depression, land subsidence, ground fissure, soil salinization, soil desertification and groundwater pollution have also been generated. To At present, the evaluation method, evaluation system and evaluation model of groundwater function are at the exploration stage and there exist two problems in the evaluation of groundwater function: the first is that the evaluation index system is complex and it is difficult to conduct data acquisition. The applicability of evaluation index system is poor; the second is that the results of groundwater function evaluation has a relative sense. When the research area is divided into several sub-regions, the strength of groundwater function of certain region is relative to the size of groundwater function in other regions in this research instead of relative to certain standard value, which is inconvenient to compare groundwater function among different regions.
Dissipative structure theory, coordination theory and mutation theory are called New Three Theories in system science. Prigogine established dissipative structure theory by combining nonequilibrium thermodynamics, non-equilibrium statistical physics and dynamics. The dissipative structure theory holds that a nonlinear open system far from equilibrium state exchanges material, energy and information with the outside world constantly. There exist nonlinear dynamic process and positive and negative feedback mechanism in the system. When the change of certain parameter in the system reaches a threshold, mutation, namely nonequilibrium phase transformation may occurs in the system, transforming from the original chaotic state to a new ordered dissipative structure in time, space or function. Therefore, dissipative structure theory can reveal the internal evolution mechanism of the system under certain external condition (Chang et al. 2002) . The groundwater system satisfies the essential attribute of dissipative structure theory (Jiang et al. 2008 ). The groundwater system is a complex open system and there exist material flow, energy flow and information flow with the environment; groundwater system can maintain the order in time, space or function and the groundwater system is far from equilibrium state; the internal elements and sub-system of groundwater system are nonlinear structure; under the effect of certain external environment (natural or man-made), the groundwater system relies on its own structure and shows obvious self-organization characteristics. The self-organization process can be realized in certain external environment. The rise and fall of groundwater system leads to the system order. Therefore, groundwater system is dissipative structure and dissipative structure theory can be adopted to analyze the evolution of groundwater system function. This paper establishes a set of new and more adaptive evaluation model and functional classification standard of groundwater function by adopting order parameters of dissipative structure. This paper establishes the evaluation model and functional grading standard of groundwater function based on order degree and entropy and evaluates the groundwater function in Tianjin.
Materials and methods

Study area
Tianjin is located at 116°42′05″E~118°03′31″E, 38°33′57″N~40°14′05″N. Tianjin borders the Bohai Sea to the southeast, Yanshan Mountain to the north, Beijing and Hebei Province to the northwest. Tianjin is 172km from north to south and 104 km from east to west, as is shown in Figure 1 . Tianjin is higher in the north and lower in the south, higher in the west and lower in the east. The terrain slow tilts from northwest to southwest, which is mountain proluvial and alluvial fan in order. The elevation is 50m to 10m. The elevation of alluvial plain and lacustrine plain connected to it is 2.5m to 10m. The southeast coastal area is marine depositional plain, and the majority is salt pans and low swampy land. The elevation is 1m to 2m. The annual mean precipitation is 567.7 mm and the precipitation distribution within the year is not uniform.70% to 75% precipitation concentrates in July to September. The annual mean amount of evaporation is 1092.2 mm and the aridity index is 1.9, belonging to semiarid region. The contradiction between supply and demand of water resources is obvious. Based on the characteristics of aquifer, we can classify aquifer into: fissure aquifer of clastic rocks, porous aquifer of loose rocks and karstfissure aquifer of carbonate rocks. The vast plain area from mountain front to coast of the Bohai Sea is divided by Ninghe-Baodi fault. The south of fault zone is thick Cenozoic, whose occurrence is pore groundwater; the north of fault zone is the quaternary pore groundwater and the underlying bedrock pore groundwater. The bedrock's depth is less than 300 m. The land subsidence is very serious in Tianjin due to unreasonable exploitation of groundwater.
Fig 1 Location of Tianjin City
Orderliness of Groundwater System
Groundwater has multiple attribute functions including resources, ecology and geological environment. The groundwater system can be regarded as the organism of resources subsystem, ecology subsystem and geological environment subsystem, forming a complex relationship of mutually connected, mutually supported and mutually constrained. The groundwater system conforms to the systematic characteristics of dissipative structure, which is an ordered dissipative structure. The dissipative structure of groundwater system indicates that groundwater system is a dynamic ordered structure. The evolution process from low order degree to high order degree is the process of dissipative structure formation or transformation from one dissipative structure to another dissipative structure. However, the phase transformation results may not transform into a new order, but may transform into disorder. The order and disorder can transform into each other.
The orderliness of groundwater system is that the resources, ecology and geological environment subsystems in the system can maintain a certain order and these subsystems are coordinated and moderate in combination. These subsystems can maintain dynamic equilibrium coordination, facilitating the stable development of geological environment subsystem and the balance of ecology subsystem. Finally, the virtuous circle and healthy evolution of groundwater system can be achieved.
Order parameter of groundwater function
Order parameters dominate the change of other parameters in dissipative structure and then dominate the whole evolution process of the system, whose value determines the order degree of the system. Therefore, the order degree and evolutionary direction of the system can be expressed in order parameters.
Groundwater has the function of resources, ecology and geological environment.
Groundwater resources function (GRF) supply guarantee effect of groundwater resources with certain supply, storage and updating conditions. Therefore, the value of groundwater resources function can be expressed in modulus of groundwater resources, allowable withdrawal modulus of groundwater, change rate of groundwater level, rate of withdrawal and recharge of groundwater and withdrawal rate of groundwater resources. Groundwater ecology function (GEF) refers to the effect of groundwater system on the benign maintenance vegetation, lake, wetland and land quality. Therefore, the value of groundwater ecology function can be expressed in deviation value of ecology groundwater level, degree of mineralization of groundwater, soil salinity, soil moisture content and vegetation coverage. Groundwater geologic environment function (GGEF) refers to the supporting and protection effect of groundwater system on the occurrence of the geologic environment. Therefore, the value of groundwater geologic environment function can be expressed in rate of land subsidence, comprehensive index of groundwater quality, deviation value of geological stability control groundwater level and intrusion degree of seawater.
The order parameters and grading standard of groundwater function, based on main influencing factors of groundwater function, is shown in Table 1 .
Order degree of Groundwater System
Groundwater system is dissipative structure and the phase transformation results may not transform into a new order, but may transform into disorder. For this, order degree is introduced in the evaluation of groundwater system function.
We set the groundwater subsystem as Sj and order parameters in the development process as xj=(xj1, xj2, …, xjn), n≥1. To calculate the order degree of order parameter xji in groundwater subsystem Sj, this paper adopts the concept of fuzzy mathematics and calculates the order degree of order parameters through fuzzy membership. That is to say, we need to calculate the membership of order parameter xji relative to each groundwater function level and then take the grade of each function grade as weight. After that, the order degree of order parameter is obtained.
The lower semi-trapezoid distribution function is taken as the membership function. There are m order parameters in the kth groundwater subsystem Sk (k=1,2,3), the ith order parameter is xki. The standard value of the jth grade groundwater function of this order parameter
If xki is reverse index, then the membership  of each function evaluation grade is: 
If xki is forward index, then the membership  of each function evaluation grade is: 
The order degree uki(xki) of order parameter xki is: uki(xki) ∈ (0 ， 1). The bigger the value of Uk(xk), the greater the contribution of order parameter xki to the order degree of subsystem Sk. The order degree Uk(xk) of all order parameters xki (i=1,2,…,m) in subsystem Sk to subsystem Sk is:
In this equation, k i
 is the weight coefficient of order parameter xki, representing the role or position of subsystem Sk in the orderly operation of order parameter xki. We assume that every order parameter of the subsystem has the same weight, i.e., 
Grading standard of groundwater function
Because uki(xki)∈(0，1) and the bigger the value of Uk(xk), the greater the contribution of order parameter xki to the order degree of subsystem Sk. The higher the order degree of subsystem, the stronger groundwater function; on the contrary, the lower the order degree of subsystem, the weaker groundwater function. Therefore, the order degree Uk(xk) of subsystem Sk can be adopted to represent the groundwater functional strength of subsystem.
In this equation, Fk is the groundwater function of subsystem Sk. j=1, 2, 3 represent the subsystems of resources function, ecology function and geological environment function respectively.
Due to the limitation of groundwater system function within specific period, there are competition among order parameters in the subsystem. The order degree of subsystem cannot increase at the same time. The increase of order degree of one system may lead to the decrease of the order degree of other subsystems, making it impossible to determine the change of order degree of the system. The entropy theory of dissipative structure provides reference for us to settle this problem. Although we cannot adopt entropy to conduct quantitative calculation on the system evolution and it is difficult to express in explicit function using the entropy, yet we can conduct qualitative analysis on the system evolution direction by applying the relationship between entropy and order degree. That is to say, the order degree and the function of groundwater system will increase with the decrease of entropy. On the contrary, the order degree and the function of groundwater system will decrease with the increase of entropy.
Based on the definition of entropy, we can establish the entropy of order degree representing groundwater system function by adopting the order degree of order parameters.
The function is: In this equation, F is total entropy of the whole groundwater system. Based on the order degree and entropy of groundwater system function and considering 0<Fk<1 and 0<F<0.5, the grading standard of groundwater function is shown in Table 2 . 
Results and Discussion
Order parameter of groundwater function in Tianjin City
Considering the characteristics of groundwater and data acquisition in the study area, the Table 3 , Table 4 and Table 5 respectively. 
Groundwater function in Tianjin City
According to order parameters and grading standard of groundwater in the study area and the groundwater function evaluation method based on the dissipative structure, we can obtain the 
